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Abstract-One of the backbones in electronic manufacturing
industry is the printed circuit board (PCB). The recent
rapid growth in electronics devices, results escalating in the
production number of the PCBs. For electronic equipment
and appliances which are PCB based, new generations of
PCB's are produced to suit the requirements of new
products. This development can lead to waste and
inefficiency when perfectly serviceable electronic
components and appliances have to be scrapped because of
the unavailability of spare PCB's from the Original
Equipment Manufacturer (OEM) or are already obsolete.
This paper proposed a novel framework for reverse
engineering of obsolete single layer PCB. Equivalent PCB's
which can be used as spares will be reproduced utilizing
this new framework. This framework involves several
steps, such as Data Acquisition, Image Processing, CAD
Editing, PCB Fabrication and Circuitry testing and
Analysis. Each stage of the framework and the
functionality evaluation of the reproduced PCB will be
discussed in detail in following sections.
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INTRODUCTION
The need for reverse engineering of PCB's comes about
for a variety of reasons chief among them is the need to
replace an obsolete board that is no longer available
from the original manufacturer (OEM) [2]. Often
companies employ other enterprise to reverse engineer
their own designs, because they have little or no
documentation for their own product or their current
design firm or manufacturer refuses to release design
details and manufacturing files, hence a nuisance for
most of organizations.
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Reverse engineering of PCB can be done in many ways.
Most organization that involve in PCB reverse
engineering do not reveal the stages involve in
producing a new PCB. For example, the steps to reverse
engineer an assembled PCB by LSP Corporation (2005)
are as follows [7]:
1. Remove components from assembled PCB
2. Scan in PCB outer layers
3. Digitize Outer Layers into Gerber data
4. Generate accurate test points
5. Extract netlist from bare PCB
6. Edit netlist data using customer supplied parts
list
7. Input netlist into cad software
8. Autorout inner layers, maintaining original
layout of outer layers
9. Generate new Gerber data
10. Generate schematics & fabrication drawings
11. Generate complete Gerber data & nc drill
12. Send Gerber data & drawings to PCB
manufacturing facility
13. Assemble PCBs using customer-supplied parts
list
14. Assembled PCBs are now ready for intended
applications
The aim of this paper is to clarify stages involved in the
framework for reverse engineering of obsolete single
layer PCB. The stages of this framework include Data
Acquisition, PCB Scanning, Image Processing,
Vectorization and CAD Editing, PCB Fabrication and
Circuitry testing and Analysis.
In the following sections each of the stages will be
elaborated in detail and lastly, this paper concludes with
conclusion and future work.
A NEW FRAMEWORK FOR OBSOLETE SINGL E LAYER PCB
After conducting research in this area, a novel
framework is proposed for reverse engineering of
obsolete single layer PCB as illustrated in Fig. I.
with a hole of the size of PCB which is made in the
center of it is used . When scanning, the paper is placed
on the PCB so that all areas around the PCB are
completely covered. This modest technique is capable in
reducing the reflection of light which might jeopardize
the quality of the scanned image.
Fig. 2: PCB Scanned Image
Stage 3: image Processing
Image which captured in Stage 2 (PCB Scanning) is
in truecolor type as shown in Fig. 2. Truecolor or
RGB image is m-by-n-by-J array of class unit8,
unitl6, single or double whose pixel values specify
intensity values. This PCB image needs to be
converted in grayscale image for further process as
shown in Fig. 3.
l. Truecolor to Grayscale image Convertion
After gaining the raw PCB image, the image has to go
through the image processing stage. Even though, the
high resolution of scanner is used, there are still some
minor defects in the image, due to data lost during
transmission and improper reflection or absorption of
light from the uneven or wavy surfaces. MatLab which
is software meant for high performance language in
technical computing is used as a tool for image
processing. Some of the intensive works that have been
conducted with MatLab include truecolor to grayscale
image conversion, noise filtering and edge detection.
No
Stage 4: CAD Editing
Stage 2: PCB Scanning
Stage 5: PCB Fabrication
Stage 1: Data Acquisition
Stage 3: Image Processing
Stage 6: Circuitry testing and
analysis
Stage l : Data Acquisition
Fig. I: Framework for Reverse Engineering of Obsolete
Single Layer PCB
Stage 2: PCB Scanning
Scanning is the most extensively used method for
shifting pictures to electronic formats, which produces
raster image. In raster image form picture are broken
down into a matrix of pixels. At this stage, raw PCB is
captured by scanning it with a high resolution scanner as
shown in Fig. 2. The scanner is capable of producing
images with exceptional color resolution up to 3200 x
6400 dot per inch (dpi) with 48-bit color depth, for over
281 trillion possible colors. However, there is a problem
occurs while capturing the image. It involves the
reflection of light from PCB's copper tracks and masks.
In order to minimize the problem, a black colored paper
Data acquisition is the first stage in this framework. At
this stage , an obsolete single-layer PCB is selected. A
detail scanned picture of the populated PCB is obtained
to identify the locations and polarities of the
components. Detail information about the component
types and specifications are also collected. After the data
collection process is completed, the components are
removed from the board. The board is then cleaned
using thinner to remove the solders. Later, dry air is
blown to clean the PCB from dirt and dust.
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Fig. 3: Grayscale Image
JI. Noise Filtering
Even though the image has converted to grayscale
type but still it has some defects that need to be
eliminated. Digital image which is capture from
Stage 2 is prone to be affected by noise. Noise is the
result of errors that occur during image acquisition
process, which result in pixel values. It does not
reflect the true intensities of the real scene. Filtering
is a preliminary process in image processing
applications. It is a fundamental operation in low
level computer vision, aiming to restore noisy
image to its noiseless counterpart.
On the other hand, it is a technique for modifying or
enhancing an image. There are several ways to
remove or reduce noise in image. Different methods





Adaptive filtering has been found to be the best
filtering technique for reducing noise in image. This
filtering technique used wiener2 function that
applies a Wiener filter , a type of adaptive filter,
tailoring itself to the local image variance. This
approach often produces better results than linear
filtering [3]. The adaptive filter is more selective
than a comparable linear filter , preserving edges and
other high-frequency parts of image. In addition,
there are no design tasks ; the wiener2 function
handles all preliminary computation and
implements the filter for an input image. However,
wiener2 require more computation time than linear
filter. Fig. 4 shows the PCB image that has been
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added with salt & pepper noise while Fig. 5
illustrated image that filtered by using adaptive
filter.
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Fig. 4: Image with Noise
Fig. 5: Adaptive Filtering
III. Edge Detection
Image analysis technique returns information about
the structure of an image. In an image, an edge is a
curve that follows a path of rapid change in image
intensity. Edges are often associated with the
boundaries of objects in a scene. On the other hand ,
edge detection is used to identify the edges in an
image [6]. It takes an intensity image I as its input,
and returns a binary image of the same size as I,
with I's where the function finds edges in I and O's
elsewhere. Once the image has been filtered, then
edge detection begins. Edge detection is essential in
obtaining the tracks and holes of PCB. There are
five different edge detection methods and they are
as follows:
1. The Sobel method finds edges using the Sobel
approximation to the derivative. It returns
edges at those points where the gradient of I is
maximum.
2. The Prewitt method finds edges using the
Prewitt approximation to the derivative. It
returns edges at those points where the gradient
of I is maximum.
3. The Roberts method finds edges using the
Roberts approximation to the derivative. It
returns edges at those points where the gradient
of I is maximum.
4. The Laplacian of Gaussian method finds edges
by looking for zero crossings after filtering I
with a Laplacian of Gaussian filter. The zero-
cross method finds edges by looking for zero
crossings after filtering I with a specified filter.
5. The Canny method finds edges by looking for
local maxima of the gradient of 1. The gradient
is calculated using the derivative of a Gaussian
filter.
However this research only will emphasize on
Canny method. Canny method is the most powerful
edge-detection technique by considering the
Gaussian function in one dimension, and this
function expressed as [6] [3]:
(1)
and the first derivative is:
true weak edges [6]. Edge detection of PCB IS
shown in Fig. 6 and Fig. 7.
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Fig. 6: Canny edge detection
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The Canny method differs from the other edge-
detection methods in the way of thresholding. It
uses two different thresholds (to detect strong and
weak edges), and includes the weak edges in the
output only if they are connected to strong edges.
This method is therefore less likely than the others
to be deceived by noise, and more likely to detect
x2
X -G(x) = - 3 e2d'-
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and the second derivative is:
x
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Fig. 7: Enlargement of Canny Detection Method
Stage 4: Veetorization Processing and CAD Editing
Vectorization is a central part of graphic recognition
problem as it deals with converting the scanned image to
a vector form suitable for further analysis. Many
vectorization methods have been developed throughout
the years. Even though there are plenty of methods
available but there is still a major problem of precision,
robustness and stability of the vectorization processes
[4]. Mainly vectorization methods can be divided into
six classes, which are:
• Hough Transform (HT) based method
• Thinning based method
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• Contour based method
• Run-graph based method
• Mesh pattern based method
• Sparse pixel based method
Sparse pixel examined widely and considered to be the
best vectorization method. There are two types of sparse
pixel based method. First is the Orthogonal Zig-Zag
(OZZ) which is developed by Dori [1]. The second is the
Sparse Pixel Vectorization which is a method elaborated
from the OZZ idea [5].
Table 1 shows comparisons between various
vectorization methods based on the following listed
specifications.
Table I: Comparison of the vectorization method features
PCB Features! Method Quality of line geometry Circle Line width Image constraints Junction
oreservation recovery
I. lIT poor yes no sparse, straight yes
2. Thinning
2.1 Iterative Thinning high no no clean, thin no
2.2 Distance Transform high no no clean, thin no
2.3 Adequate Skeleton high no no clean, thin no
3. Contour Based poor no yes straight no
4. Run Graoh Based poor NA yes straight no
S. Mesh Pattern Based poor NA ves sparse, long yes
6. Sparse Pixel Based
6.1 azz poor yes yes straight yes
6.2 SPV good ves yes NA yes
OZZ = Orthogonal Zig-Zag
Spy = Sparse Pixel Vectorization
















Since this research emphasizes on straight line and circle
and other criteria, Spy vectorization algorithm is
adapted.
Vectorization method need to be done to the image
obtained in Stage 3. The elements like quality of straight
line, circle, line width, junction recovery is extremely
important in PCB re-fabrication. However if the vector
image is not good, further image processing method is
required. The vector image is then edited in CAD
software, in this case AutoCAD to obtain proper a better
quality vector image which is cleaner and at proper
scale. Then the image has to be mirrored at 180 degrees
as shown in Fig. 8.
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Fig. 8: CAD editing at 180 degrees transformation
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Stage 5: PCB Fabrication
Once the editing process on the vector image in CAD is
finished, circuitry image in vector form is transferred
onto a special glossy paper using an ink jet printer. This
printed image is then shifted to the bare copper board
using a hot clothes iron and set to maximum temperature
with no steam. This process melts the toner and allows it
to stick to the copper. The copper board needs to be very
clean in order to ensure the toner stick. The ironing
process only takes a few minutes, and it helps to keep
heavy pressure on the iron to remain the toner contact
with the board.
When the board is cooled, the board with the paper stick
on it is soaked in hot water to remove the paper, leaving
only the toner behind. Gradually, the paper saturates in
the water and starts to disintegrate. The paper is gently
rubbed to take it off and left toner resist.
Then the copper board is etched with Ammonium
Persulfate or Ferric Chloride. This process can take from
10 to 30 minutes depending on the concentration of the
chemical and thickness of the copper board.
In this stage, holes are made by drilling for leaded
components and mounting holes. This technique is
practical and economical especially in re-fabricate
obsolete single layer PCB.
Stage 6: Circuitry testing and analysis
In this final stage, all the required components are
mounted on the re-fabricated PCB. Care has to be taken
to ensure that all components follow the required
specifications as the original PCB. Functional test has to
be done to guarantee that the circuitry of the re-
fabricated PCB function similarly to the original PCB. If
the result of the test indicates similarity, then the PCB
reverse engineering of obsolete single layer is
considered successful. If not, then the process of re-
fabrication has to be repeated from Stage 3 up to Stage
6.
CONCLUSION
This paper introduced a novel framework for an obsolete
single layer PCB reverse engineering. It consists several
phase like Data Acquisition, Image Processing, CAD
Editing, PCB Fabrication and Circuitry testing and
Analysis. As for scanning phase, it took raw PCB and
scans it into raster image. Even though this research
applied a high resolution scanner but it still mugs some
problem, like the reflection of light from copper tracks
and masks. To solve this diffusion problem, a thick
1-4244-0220-4/$20.00©2006 IEEE 6
black paper has been used. Size of this paper is same as
scanner screen size and a cut is made according to size
of raw PCB, in the center of it. Raw PCB is placed right
in the center of black paper when scanning take place.
This initiative technique managed to reduce some of
reflection but not all. Another problem that encounter is
scratch PCB. Before a raw PCB can be scanned, all
components that attached to it need to remove from the
board. De-soldering process will caused some of solder
left on the board and process to clean this board make
the track scratch. This is another trouble that faced in
this research. It is hard to get track which is clear and
clean.
PCB image which obtained from scanning stage is
further process through Image Processing stage using
MatLab where converting color, filtering and edge
detection take action. On another hand, vectorization is
the most fundamental operation in graphic recognitions.
It has to be implemented using a vectorization method
that best suits the needs of the system. SPV method has
proven to be suitable technique for this research. The
vector image is then edited using CAD software to get
the accurate size scaling of the vector image. Good
methods should preserve the shape information, which
includes line width, line geometry, and intersection
junction, as much as possible. The PCB is then
fabricated and functionality tested.
FUTURE WORK
Although this research was successful in achieving the
objective, which is producing a new framework for PCB
reverse engineering, but there are still rooms for
improvement. There are weaknesses and problems that
arise which require further improvement. Lists of
suggestions for future work are as follows:
1. Gerber File Producing
Gerber data is a simple, generic means of
transferring PCB information to a wide variety
of devices that convert the electronic PCB data
to artwork produced by photoplotter. Virtually,
every PCB, CAD system generates of X, Y
coordinates supplemented by commands that
defme where the PCB image starts, what shape
it will take, and where it ends. In addition to the
coordinates, Gerber data contains aperture
information, which defines the shapes and sizes
of lines, holes and other features. However, in
this research PCB is fabricated and drills
manually, thus the amount of PCB that can be
produces is small. For mass production in
future, gerber data is the solution.
II. Automatic Optical Inspection (AOI)
The world of PCB manufacturing is constantly
moving toward denser and more complex
boards, constructed of higher layer counts, fmer
lines and novel materials. The smaller
components and higher component densities on
today's PCBs have driven manufacturers to
demand AOI on their production lines. No
longer can humans perform reliable, consistent
inspection of fine-pitch components and
maintain an accurate record of observations and
measurements. The benefits of automated
inspection lie in its repeatable and accurate
measurements, which manufacturers can store
and distribute electronically. In future wide
range of AOI solutions, from mass production
to ultra fine line, and from manual to fully
automatic material handling can be added as
research element.
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